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IMS  S 

i)  ummam 

"'^vO 

Ik*  OOjOT  |Ml  Of  4V  fIMItth  lu  kill  to  kfOOtkfy  tbl  MlkUiMI 

A 

myiuikli  (or  twklww  yrofMtkoa  mo r  Mitt  nils.  Alttmk  augr 
bfiaiiil  fntnii  of  tti  torkolra**  yrofaotkoa  yrniii  km  Woo 
irifiMily  kfoatkftof.  oai  my  aottli  yrifoioi  to  iiyliii  ko*  ttoto 
fiotwn  omo  to  W.  tto  roooooo  for  ttoir  oalttoao*.  oaf  for  ttilr 
orolmtiOB  koto  tor W1 rat  iroftiooo  oro  atkll  oot  *otk*fo*t rally 

oafantraf.  Oor  rraoorok  Wo  raoooofof  la  prof** tog  •  oakfkof  yiitui  of 

v — - —  /  /*•  » 

rail  rogkoa  it  root  or*,  ky  fooaotog  ot  toot  loo  apoa  Wo  lo  tor  oot  loo  tkltt 
rooolts  froo  tti  foiMfi  of  atoroaool*  ookorrat  aotioao—oktok  |*t  koto 
to*  Wf for  rogkoo  froo  fortkra  oot  U  tto  lojrot — oltk  tko  rail  oM  tko 
•ok  lay  or  flow  fk*lf .  Tkoao  okoroooolo  ootkooo  orooto  priinri  (tUkoiti 
mu  tko  roll,  okkok  roaolt  ka  tko  goMrotkoa  of  aoo  rartkokty  oaf  tko 
r«fk*trktotk*a  of  oskotkag  rartkokty.  Back  of  tk*a*  yroooaaoa  roaalt  to 
tko  oroatkoa  of  loool  ooaaoatrotkoao  of  rartkokty.  Oaoo  o  looot 
ooaooatratkoa  ko  aot  ay  kt  ko  raatokl*  to  Mall  p*rtortotira*j  tko*. 
tkroatk  Mlf  lofootloa.  oaf  tko  ootkoa  of  tko  stroag  atroka  rot*  ftolf  *a 
i  tko  portortof  rogkoa  of  flokf.  rary  ropkf  fyaaakool  offoot*  or*  otooroof. 

Ik*  roaolt  «f  to*  totoraotkoM  ka  a  loool  foatar*  to  too  volt  rogkoa. 
okkok  oo  rail  •  pookot.  Boat  of  to*  profMtkoa  of  tarkaloara  to  to*  rail 
I  rogkoa  appoor*  to  W  o*ao*kot*f  wktk  to*  fooaotkoa  oaf  ovolatkoa  of  to* 

flatg  ok tk to  tk*a*  yo«k*t  floo  aaOol**.  f*  kora  fotonatoaf  toot  to*r*  k* 
o  rary  kkgk  rarralotkoa  Wtoraa  to*  framtira  of  •  yo«Wt  oaf  to*  praaaa** 
i  of  to*  atofOMol*  oortira*  Um*f  lately  okora  to*  roll.  Altooogk  to* 

f**k*t*  or*  r*y*Utlo*  fratar**.  *o*kly  kf*atkfkokl*  to  to*  okraolkaof 


nkliftr  kf  tktir  A«y**<  tkfii  feu  11  *4  mlitlM  min  wuifenUr 
feyullil  spaa  tki  Kinutin  sa4  itnaitt  at  tfci  bUnm»!i  MtUai  till 
Utimt  aid  Hi  mil  sa4  miirw. 

*•  Ini  iIm  sys««lsta4  spaa  Hi  Mini  aulniai  fea fad  tki  aaaaapt 
at  a  ysrtarfeatisa  Hit  r  Malts  la  a  laaal  prat  tag*  grsfeaat.  ta  Hi  tjrfi 
at  fl am  (UU  tkit  will  yrafem  01a  laaal  yrassara  pillMl,  tat 
mrlf  iMtlsa  at  da  aamaal  saslaim  *111  r**airs  alplfiwst  afeltiml 
ml. 

Oar  rmattl  was  iaitlsts4  aa  a  taamlft  at  a  yrsalsas  rasaaataatlsa  at 
tki  mil  ragisa  at  a  tartalaat  fesaaisry  layar  «IUI  lailmtaO  ttat  da 
•astral  atraataral  faatara  at  da  tartalaaaa  yraiaatlm  grass a a  taa 
mviitili  mrlalil  fey  yrsalsas  lamstigatars.  ta  laid  ally  fealfet  ta 
itaO  da  aaferalfe  at  a  tartalaat  ayat.  tat  «ai skly  4laas*srs4  dat  da 
rata  at  praOaatlaa  la  aa  rapU  safer  a  apat  dat  laalatiaa  aa4 
feaaaaatatiaa  at  da  aaatral  atraataral  faatara  aaa  mar  a  41ffis*lt  ta 
aasaapild  daa  la  da  fally  tartalaat  fesaafery  layar.  did  aa  daa 
taaaaad  da  aajarlty  at  aar  attaatiaa  apaa. 

ta  faal  dat  a  1st  taa  tasa  sassaplidat  aa  far.  ta  It  taa  taraaO 
aat  da  fasts  tarn  fsrss4  a a  ta  alaast  start  frsa  "aaratd*  radar  daa 
tail4  apaa  da  aark  at  adsra.  lkia  taa  aaaat  radar  alas  (  tat  at  safe  ) 
attsptaaM  fey  da  raat  at  da  asaanalty  aa  day  tagia  ta  fe  atari apyiag 
aapariaaats  (aa  assay  la  Is  aa  artiala  ta  ta  pdlidsO  fey  lari  la.  Taal  aai 
trafekaa  la  da  Jsaraal  at  tlaid  taataalaa.  da  atatrast  at  did  la 


1m1«4«4  is  Intaiii  A) 


A  trlif  ikm«U|iMl  mUt  NawntUi  •(  tk«  Mjw  ittyi  is  Mt 
riMutk  is  fssssstsA  telM.  Aii  is  fsllsssA  If  As  sssfs  « t 

Nik  sf  Asss  ffcssss.  Ass  If  s  mis*  s t  As  asjsr  rssslts.  PAIisstisss 
•ssststsA  Assist  As  sssrss  s t  Ais  vsrfc  scs  isAlsstsA  is  As  rsfstsssss 
If  ss  sstssisk. 


1)  b*U|  ntiUtaM  t ki  Mi  it  mm  if  •  Inal  tlm  mMi  afcial  ms 
mi  ikMivii  If  Mtllsr  iamtipMu.  tart  skUt  appsarsi  is  W  As 
ftMVMf  If  Ik*  MlMlf  Itnstv*  Mi  tkl  kVItUl  fWHH.  M 
UHftMSUl  fMfIM  Ml  IS  till  life  #4  tl  tlUISlM  itl  ISpMUSM.  tkl 

fix  it  it  if  Ml  ti  jataiataa  vkitkir  tkl  tlm  Mteln  tm  •  MiMtMlIp 
•lliml  Mil  MfiM  fkMMMM.  M  Mlf  I  flltWI  if  lM  llfSllil  aMfc** 
twtslMt  Imliiy  UfM  fins. 

1)  htlai  vitnissi  ka  la  ill  Mil  IsMlii  flMf~ttlla|  mw  tl 
IM  4iffMMt  MfM iMStll  iMllitMl  tl  is  it— M  jltflllll  «nrtnt» 
la  fmllp  twMitt  linlatp  Ufirs  ti  ittmin  Us  Ingtk  smIss  Mi 

fiHMMf  if  wwritii  if  tkl  fitttttt  aklik  m  tkM  mIIM  "fnkiti". 

Hast  m  kitn  ti  mi#  tki  tlm  fiilii  simiitii  vltk  tki  pula  is.  Sim 
Hi  pas  kit  i*il«ii  rapiilf .  tlm  fiilii  mli  nlf  ki  aaMrstui  If 
illMaatlai  tkliff  r«S  It  IfMifil  Itipil  is  ill  fMfclt  IMiMill 
(Tapin' •  Ifpi fk am  mli  nt  ki  mi),  tki  tin  mi  m  j*  •  If  tm  tkii 
staff. 

t)  tki  Msplialtp  if  tks  piikat  tlm  fftili  laisitiptlM  Nttlni  • 
•wllat  Mill  ti  mill  urn  ti  ki  nil  nt  if  tks  sitnf, 
tkm-iisMiiiMl  Hm  Mali.  Vi  iinmni  kit  tki  #mbImI  pnfirtin 
•f  Mttn  tlat/Mll  totiMitlm  kii  m#  if  tki  iMlMlmip  fntam  if 
tkl  pssklt  tlm  Mills.  IttkMMCI,  MKtll  tftlf-  likl  liiill  llM 
appsarsi  la  ntaal  knaiiff  lap**  slimlUitlmi  tkai  ■  Ms#  «*•  kiflss 


af  tk«  (In  (IiUi  <kUk  n«1n4  u  a  mill  a#  tbii  Uttmilw. 


4)  InU|  MtiUi4i«4  a  yvtliaiMiy  flat  fUI4  |itt«N  Itnulm  Aa 
(Mill  mlMlM.  «itk  Aa  kiy  af  lfc«  wMi  rU|  aall  UIwmUm 
ftalwMtiM.  mtatlM  aaa  Alf  ta4  u  tk«  (In  ftal4(a>  rMymikli  far 
ll«  NMIlM  af  Ik  INkll. 

5)  >in»m  af  Ik  |tmi  lUUirltf  faaa4  kmw  tk  yaaAt  (mmUm 
*a4  Ik  fiiMn  wlM  flail  hmu4  m  •  vail,  m  W|M  m  mini  fat  ck 
mIhmm  af  wiIni  ikfi  Ik  Nil  is  wMm  kNkaiy  Uyw. 

4)  Baa  lag  lakil  faaaf  Ami  aa  carol  ly  wwrflu  mtai  r  Aya  «mta4 
pMkii  la  feaaaAry  layara.  aa  altaacaa4  a  aara  yaaarol  ffeaaaaaaaa.  It 
Imni  alaaa  Aat  Aa  aajaa  lataroatiaa  Aat  Aa  rl^a  aara  fcaalag  at  A 
Aa  rail  aaa  la  araata  a  laaal  CaaaraMa  yr at aara  yro4iaat.  «IUk  aaa 
aaaaayaataf  fey  a  laaal  a4aataa  yraflaat  at  Aa  feaaaArAa  af  Aa 
Ataraatiaa.  fhaaa  aara  af  aaf flalaac  aayaltaA  ta  araata  aaa  aartlalty 
aa4  ra4tatr Ifeata  Aa  aaa  aa4  aalatlay  aafelayar  aartlalty  lata  aaattatrttai 
lay  art  ar  tala  aartiaaa.  tAar  aatlaaa.  af  Aa  aaala  af  Aa  aartlaaa. 
aara  Aaa»aa4  «a  aaaa  «aaar4  Aa  aall  mi  alaa  araata  paaAta.  fkaaa 
ayyaaraf  la  A  la  Aral  fey  aartlaaa  afelafc  aaittaf  farAar  aaay  ftaa  Aa 
aall.  Tfeaa  aa  feaaa  kpa  ta  ta-acaalaa  aar  At*  far  aftyaa  Aat 
aaa  rartlaal  aaaaya  ratal  t  A  Aa  aaaa  paafcata  aa  aartlaal  aaaaya  A.  ft 
la  alaa  Ayartaat  ta  aata  Aat  aat  all  aartlaaa  afciafe  yaaaa4  aaar  Aa  aall 
ratal  ta4  a  Aa  faraatlaa  af  a  yaaAt.  ta  partftaaiar,  Aa  AKyia~lftA 
tartiaaa  Aat  art  afeaarta4  ta  faaa  at  Aa  Aaaalraaa  feaaa  Ary  af  a  yaaAt 


NlW  mw  it,  aftaa  have 


lltfla  «r(wt  «  tt<  ftralUW  nklarw  ar  at  Aa  prata  If  It  la  laaataf 
Wlaa  Aa  Itliyla. 

f)  TW  aartlaaa  aaaaatlap  fraa  d«  paakata  kaaa  law  ata4ia4  at  f*  • 
II. I  aa 4  24J.  At  II. •  (fray  kaaa  alpaifiaaat  vartlaltp.  Pat  Aaa't  haw 
laapa  layaalAa  ataaaa  valaaa.  taaaaar.  at  y*  •  14.)  Aa  aartlalty  kaa 
ralla4  ap  lata  a  aartaa  aa4  alpaifiaaat  tayaalAa  ataaaa  la  aaaaalataA  vlA 
Aa  aataaaA  aaalap  htliyto. 


Ill) 

I)  fha  fallaalap  fl< 
paafeat  flaw  aaPalaa  la  aall 


ilaa  (Aa  aaiata 


af  (Aa 


ft 


a)  Pally  4aaalayt4  cartalaac  taaaiaiy  layar 
aaar  Aa  «9  aaaya  ITI  la  IfVTi 

A)  TAa  lataraatlaa  raplaa  Aaaaaaa  a  laatalaat 
apaa  aai  a  laaftaav  AaaaAaay  layar  aaar  Aa  caapa 
■g  »  If*  «a  Aairi 

a)  Plaa  aatfar  tartalaai  apata  far  ig  *  It* < 

41  Ttaaaltlaa  af  a  laalaar  AaaaAary  layar 
4aa  la  larAalaaa  Aaar  layar  iataraatlaai 

a)  Pally  4avataya4  tartalaai  ataaaa  I  flat  Car 

a»  •  it.ttt  -  n.ttti 


Aa  aartaa  rlap/aall  tataraatlaaa 


» 


Dm  tapaatoaM  A  paakat  (In  mMm  m  litminl  la  A*  tally 
tvWnt  inMuy  **m  it  ||  ■  »1»  by  itnlunni  (In  timliutin  U 
tw  iimi  aai  wnrmw  nrtiilty  mmvwiii  nli|  kn^im.  tar 
fitnlnl  MjMliv*  mi  «•  M  tarn  la*  ki  «mM«  nm#i4  laymalM  itmi 
Ml  Am*  innUM  viA  A*  (ntwn.  Is  A*  *Am  (lm.  nAan  A 
A*  lap MtMM  m*  paAaaai  Ip  Mill  A*  ftapmaay  A  mmttmm  aai 
AA*  MMliiln  at  A  A*  ijMtiwi  Mi  ataaafc  Imitln.  •»  tar  Am 
miiAIAA  A*  tapninn  Ip  (mnliln  A*  Im«A  mlu  Mi  ffapMaap 
A  MMWMM  A  A*  paaPaia  la  A«  tarWnt  Iwkiy  Ityw  mm*  aai  U 


Am  la  mm  A  A  Mu. 

I)  Pm  mA  A  Aa  (In  (PIP  mi  Mm  ••  my  laa  PywIP  Mlir  la 
Aa  tall*  mMmc  PaAry  lapm  mm.  M  aaai  iPPUmmi  (In 
attaal im«Im  A  na  wttipnl  pMi  aai  Pr-ttn  ■■■■■my  aalap  a 
faw  tin  m* fluty  ptaka.  Ha  alpMla  aara  llflipil  aai  mmM  m  m 
id  Ilia  Mapaw.  IWy  mm  law*  priami  la  plaa  a.  a*  aa.  Pm/P*. 
PWP*.  Mg  aai  i^.  aai  a  feaal  A  tatkalMM  *Mtaatar*  tanilaM. 

tl  Ha  aatal  ataM**  A  mm  tftap/aall  MtaraatiaM  laamtaA 
aiaaallaaMM  MaMM  aatf.  aJAaapP  Aap  Mplapai  taa  aiapml  *Pw 
a«A  a«  laaat  m  Hn  «a  a  lam*  ini.  Hap  aara  paAaanA  M  Pi 
Mill  aai  naatap  aAla  la  ntn.  M  apaai  aaaftaa  aara  aaM  A  Aa 
lataaaatlM  A  aai  I  lapat  flaii  (4p*i  praaal  aai  rlap  flali  (#ii  Mil. 

P»  fm  an  aca#  A  Aa  (In  fialM  ratpamlti*  fat  Aa  faMatlM  A 


IMtMi.  lialuatiM  tlm  timllmiM  Mi  teMin  —m  mi  try  Mil  Is  tag 
•  aaaaa  air  mb  aartiaity  grata  bm  flayai  Va  ataiiai  a  filly  iavatagai 
twtBlaB*  lawfary  layar  Hit  aar  grata  aat  at  y*  •  144.  u4  ||  •  9*9. 

Iha  *iaal  luliM  iarslvai  a  flaai  UteteM  gtas  vIm  aai  laaar  afcaat 
Ulaaiastai  alia  via*.  HU  all  Mai  m  ta  aaa  tta  flaw  (tali  gattarma 


If) 


A)  toi  fifties  os  in  tout  mmh  una 

I)  ft*  i^wtMl  nfUy*r  ilKtrkMMi  in  UlUit*4  If  Hi  am amamt  if 
Mw  i*|1m  flo  fUU  flail  imri  it*  Mil* 

Kikpi  Hi  mm  tapMuai  mill  u  am*  mi  *f  Hii  laniiiiiilM 
I*  tt«  (mi  til  it«  nrklMM  ynlintw  yniin  ii  t»itl*t*4  tjr  it* 
■—■mi  imrl  it*  Mil  at  a  l***l  n#lM  at  fliil.  It*  l*i|tl  aaalaa  at 
■Mm  n§t«M  in  mi  l**f  —fill  l*  I.  Ml  t***l  —  •  aaaamaaaata  *f 
lUtf  f—  !*t*.  M  Mil  M  at  It*  Mll*M  ItMWlM*.  «9f  *1  I •  t* 
tpfMlMltlf  Ufl«  ■l*i—l*  I  Mm  Iff  ft.  Mm  Iff#.  Mm  ial 
Uhii  INI). 

it  lm  m«4IH  Hi  lam  Ml  mm**  at  it*  mUm*  Hit  mm  mhH 
it*  Mil.  ft*  iliMilM  I*  Mfln,  t*t  Hi  MImIm  f**i*  M*«  Mm 
tM»—*4* 

•I  Hum  ri«t/llM  *4H**.  iriHt*l  aa  Hit  tH«y  Mail  mama t  ***tr*M 
Ml  aaaf  tarn  *•  Mil.  Mm  Mm  *M— I  u  atmta  f*t*t*.  •*  Mm 

Hit  Hi  at*  ft—  aai  mat  MlffftM  Mm—  —  mtliltr  f*M  M* 

1*1*  ****  I  ft*  I  MM  Mlf  at  «M  *4ll**  Ml  M—tr* I  —Ml**  M*U*ltf  at 
Hi  *9M*ll*  *«f  f—  Hn  taaat)  It  it*  •«*  fit  at  H«  a4tf  (Mm  IMS. 
Mm  Ml  t— it  IMS.  Mm  It  INI.  tlM  Mm  Ifff*.  Iftfr  INI.  ami 


Signer  taJ  hl*»  190). 


k)  Villvul  Mvli|  notions  with  ifftoilutil;  the  mb*  length  wtlti,  that 
km  little  ftrtwtatio*  vortieity.  Ijti  kata  obimti  to  erutt  pockets 
tkat  appear  generally  siailsr  to  poekata  foraed  bp  the  vortex  ring/vall 
interactions.  The te  notions  sonatinas  appear  to  be  rcaaaats  of  the  large 
aeale  eeeeps.  bat  at  other  tiaea  appear  to  reaalt  froa  rortex  induction  by 
riage  whose  lever  lobe  la  ia  the  log  ragloa  (Lowett  190). 

This  iafesaatin  eoatraat a  with  the  long-standing  hypothesis  that 
elongated  etreaaviae  ror tiaea.  vhiah  vara  sttsehed  to  tha  vail,  "pas  pad" 
(laid  both  towards  aad  away  froa  the  vail.  Pnrtheraore.  it  adds 
aigaifieaat  detail  to  Ike  saggeatioaa  that  laaar/oatar  ragioa  interactions 
reaalt lag  froa  the  aoweaeat  of  flald  tovard  tha  vail  are  the  doaiaaat 
tarbaleaeo  prodaetioa  aeehaai aa.  Nest  of  these  hypotheses  have  saggested 
that  largo  seals  aotioasi.  i.a.,  aotioas  tha  aaala  of  the  shear  layer 
thiehaoaa.  dlrootly  ooa tribe ted  to  tha  aablayar  diatarbaaoea.  As  va  see 
this  la  aot  the  ease. 

11)  Leoal  geaeratlea  aad  leoal  roil atrlbat lea  of  vail  ragloa  wortiolty. 

The  aloroaoala  vail ward  aowlag  flald  ragloaa  establish  ooaveeted 
atagaatloa  point  flee  fields  at  tha  vail  vhiah  reaalt  la  tha  gaaeratioa  of 
aov  wortiolty  at  the  vail  via  tha  relatival. 


MM  It 


*  -  l|/*l 

Mi  If  I 

li^tf  •  -  •»/*» 


4»  Mwh»  M>ia|  tnai  lk«  Imlwy  if  If  HfriHtM  *111  in  In 
MM  «tf  Ml*  NMIfllf  Iff  M«  MM  Mm  m  Mi  MM  Mvtiitcy  if  Mi 
ItfMWI  Ifptf.  MM  In  ffpMlIf  MM*  Mi  MM  ifpiMi  M  MiMMlM 
MMMfi  Mllfliy.  lb  ftfl  Mil  Mli  !•  Mi  mm  lUflf  mIiKm  ffr 
Mi  lllbfllM  M  MiMMlM  MUtlty. 

If  IMMUij  ft  Mi  Mm  iMiltf  rtilMNMM  if  fflMlfl  fltffft 
flMi.  Uli  ft  Mi.  AM  if  MMM  Iff  Iti  Mi  Mtltltf  MM  If  M 
ffM*tf«t  trm  Mi  Miil  MifiMtf  ptmAfUfidiw  iftfl. 


•  Ill  taatiM  if  MiMg  mmm  ti  Mi  NMffi  if  Mbit 

Mi  ffltiMl  Mil  ft  Mi  Mi  ll#f»  MUMM  Mm  Mi  flMi  |« 
OlflMM.  M  |fA  MltMii  Mil  flMi  If  Ml  IM  •  *Hff*.  fit 
mmm  if  Mi  pnbf  ffllfri  Mi  tf|lM  ti  AlA  «rf|  m|i  iiM. 
If  ImmIM  ft*Mi  tfffflftfi  ilM  M»M  M|l  If  M  Mi  t*fN«t  MM 

«•>  >MAM lit  it  Hub  AM  Mi  MMtf?  if  Mi  tfibtf 


tWfWM  fAMt  AIA  Hffll  (Nf  Mi 


irtlAMi  M  l|  flMi  an«f  Mi 


sAl ay  ar  fiiii  my.  Imiim  if  tki  limit*  aat aat  *1  til  nllnci  Mtiia. 
m  sAars*  yfiimi  (fiilnt  *mi*t*  it  tfti  toasAriai  *f  tki  Utmitiii. 
Am.  a  vhl  ay  ar  flsii  li  Alvaa  May  fn*  tki  mriitii  itipmUn  pat  at  ly 
Hi  fitmUi  prunri  (rUlttt  Oil  *mi*t*  tkiri.  ul  i*  ala* *4  im  u4 
mhi  nip  fra  Ik*  vail,  ia  Ik*  ri|iM  vf  *4»*ca*  ymivi  (riilnt. 
Ik*  mi)  l  i*  Hi  farm* lira  if  a  toil4ap  vf  aAlayar  Ilai4  arvaal  tki 
iilifiittM.  Tki*  toll4ap  ia  *l*ap*ta4  is  tki  atraamlas  4irv*ti*a 
toaaaaa  A*  staysail**  palat  la  saavaatiay  4**mstr**a.  Ik*  raasit  la  A* 
(MMtlM  *f  a  pair  A  straw*!**  atraalta  (Falsa  1919.  itM.  IMP*. 

I  MM). 


v)  Famatlm  vf  hairy  ia  vast  la*  a  at  As  Avast  rasa  towiary  a f  As  paatots 

■airpta  avrtlsas  was  A I tail sty  Atvat  A  Isa  lap  at  A*  As  sat  raw 
kavaArtaa  vf  9s**lapa4  paaAta  (Falsa  1919.  1901.  Iks  var4  Airy  La  ia 
«vviArv4  ayyrsyrlat*  kianai  As  law  to  MIA  A*  vwtlalty  alvsaa  apva 
ktsslf  rttftt  at  As  salt  la  avt  tops*  1  sat  vlA  tvayaat  tv  A*  Aaaataa  vf 
Aa  lifta4  hairy! a  mi.  Ik* a*  hairy!**  km  hwa  ataam4  t*  prvpipat* 
am  t*  stoat  y*  »  199.  9ksa  Aa  toi  faw*4  vpatrvA  *4  saw  waaarlay 
stall**.  a*4  avvaaata*  mt  aw  avvtialty  prvto.  vs  vasal ty  aav  littla 
affaat.  to  has*  Ml  invar*  avt  atoarval  aay  totaraatlva  vlA  A*  avhlayar 
flat 4  toaaaA  Aw  Aat  Ia4  ta  Aa  fawatiaa  A  a a*  paahats.  Iks 
avalwiw  Aat  was* a  a  Aav*  hairyiaa  was  larAar  aat  —  to*  A9 
toaahap.  **  aaArpa  w  laatahii  Ity  Aat  rvaaita  ia  Aa  fawatiaa  A  wrtat 


Maps 


ratal rva  larAar  tarvatlpatl 


ft)  fM||M*4  imji  of  fttkiti  rotolt  U  f*iy  ihirf  h/17  ilptli  it 
y*  -  15 

Vkoa  too  (  or  oor*  )  yookot*  or#  foro»4  »14o  by  1U0,  tko  tklibati| 
of  nklijif  f1*14  aloof  tkoir  oootlgoou  lUiatiN  koaoforio*  Is  tko 
kigkoat  f *o*4.  Till  floi4  of  too  000  k*  follo**4  oo  It  ii  4rm  Loto  tko 
ootor  lay  or*.  Tkl*  ko*  of  too  kooo  okurro4  to  oooor  00  a  rooalt  of  mtoi 
laliottM  I y  oooooo  trato4  ootor  lay  or  oorttoo*  (Faloo  1975). 

oil)  Tko  ilo*|ot«4  *t rooky  otrootoro  foao4  aloof  tko  voll  1*  oot 
flrillj  I  of  *r  toot.  Tko  loofoat  otroako  of  oorkor  or*  fo*o4  rftfkt 
aloof  tko  vail,  oof  or*  kollooof  to  ko*  io  part*  rofiooo  tkot  kora  oar or 
kooo  roorraof*4  If  ooooootioo  ootlooai  (l.o.  okoro  ootkiof  iatorostlaf 
ko*  koftooof  to  tko  flalf  oiooo  It  yooaoi  tko  #0  olit).  Otkor  yortiooo 
or*  tko  raoMloa  of  oorkor  ko&14  of  tkot  ooooro  aloof  tko  aifoo  of  a 
*taff*ro4  array  of  yookato. 

▼til)  Tko  frofooooy  of  oooorroooo  of  tko  yookota  ka*  kooo  ooa*oro4. 

Fookoto  4a  oot  aool*  *0  ootor  lay or  yaroootor*,  oklofc  la  tko  ooallof  tkot 
ko*  kooo  *offoato4  ky  oaoy  looootlfatora  for  tko  torkoloooo  yrofootloo 
yroooa*.  to  kooo  foal,  kooooor,  tkot  tkoy  4*  ooato  oo  **11  roylo* 
▼orlokloo: 


f^F/y  -  M 


(Fata*  ao4  Looott  to  ko  yaklltk*4) 


is)  Tta  lta|tk  of  tkt  otmll  at rooky  atrutut  ax*  ala*  foal  t* 

W  brwUa  * aal or  loyoalut.  ail  to  at  a*al*  *a  oltktr  laser  or  ostor 
layar  yoroaotar*.  Vlas  aos-tlsosaiosalisot  os  lasar  ratios  yerasotara 
tkay  isaxasM  fit!  I4  aa  fka  .4  yavar  (  Falae  as4  Loaott*  to  la 
yakliakot  ). 

s)  Ik*  laaytk  aaalaa  of  tfca  yoakata  kora  Was  soaasrot  soar  tka  rasg*  Tit 
<  l|  <  4000.  Tkair  aaalaa  ala*  to  sot  toy* at  ooloiy  os  lasar  ratios 
oaxiakloe.  Tkia  ia  aosaiataa-  vltk  tk*  atrost  rol*  of  ostor  ratios 
aokorost  sotiaaa  toaorikot  a box a.  Vkaa  sos-fisaaaioaaliaat  os  iaaar 
ratios  varioklaa  tk*  yoafeat  oittka  iaarasM  aa  to  tk*  1/S  yovar  (  Paloo 
aat  Loaatt*  to  k*  yokliakat  ). 

Wm  ynsici  oo  nnouNT  mm 

i)  Syraatist  1st*  tk*  laaiaar  boastary  iayar  taa  to  yoakata 

▼art**  rist/lika  tyyiaal  attic a  kaaa  boas  obaaraat  to  ba  rota tat 
too art*  tk*  sail  at  tk*  frost  aat  aitaa  of  tk*  ayet  by  tka  lary*  aaal* 
aartlaity  abiak  asiata  at  tkaaa  boastariaa.  aat  to  araata  yoakata  is  tk* 
las las r  boaatary  layer.  Tkaaa  yoakata  ayyaar  aiailar  to  tkoa*  foost  is 
fatly  tarbslaat  boastary  layara  (Pal**  1970).  They  avoir*  1st*  1 if tat 
atraaka  of  leo  ayaat  flait  aat  1st*  kaixyis*  okiak  lift  off  aat  art 
MrMblot.  This  ail  kayyasa  oitkia  a  rory  akort  tis*  aaai*.  Ita 
oralatioa  of  tk*  yeakat  ia  tk*  yroaotao*  tkat  iaoaryorato*  tk*  fersor 
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Imlmx  keaafory  1  tytt  timid  tito  tkt  lyot.  Hit  mmmIi  for  it*  ti|U 
imtl  i*  Mt  UiifuiMt  of  byaoUi  *■!>><  lutMi  lyoti 
•too  on*  ilwij  o»  tkt  ItyaeUi  n*ktr  Imthni.  Tfco  ooaaootioa  totvooa 
tki*  oaf  tkt  faot  that  yotkttt  foor#***  U  tool#  is  tfco  folly  tarfcoloat 
koMitfT  1*7 or  s*  A*  Btyaolfa  nokot  iaorooso*  i*  kol>|  tsyloro*  (Foloo. 
is  proporatloa) . 

I 

ID  Itityiat  ot  «ittoa  oaf 

(  lolrpiao  fcavo  fcooa  otoonrof  to  font  ot  tfco  t|ttroa  kottitrltt  of 

tvMtat  root*,  oaf  to  propagate  fovaotrooa  ftato  tfco  fcoff  of  tfco  ofot*. 
Tfcoo.  la  o  looor  afcoot  otrooaaloo  floao.  oao  vomlf  mo  fcotfc  vatu 
(  riag/lik*  typioal  offioo  oaf  tfco  tog*  of  koirpia*. 

Hi)  Toy  lor-  for  tl  or  rortioo*  ot  apatr*an  oaf 
I 

Tfco  aotioao  ot  tfco  apatroam  fcooaforr  of  tfco  spot*  oppaorof  to  fco 
Tsylor-Oortlor  rortioo a.  la  foot  tfcoir  ktttkfm  ot  tfco  opotrooa  fcoaafocy 
I  of  tfco  spot,  ofcfttfc  rooaltof  ia  fcoirpiat.  mi  oaoplotoly  ooaaiatoat  vitfc 

tfco  fcrookfeoa  okttrrtf  fcy  fcippoo  oo  tfco  Oort  lor  nokot  otooofof  it* 
*riti*ol  nlw. 

I 

hr)  liffcor  foaaity  of  po*fc*t»  oafoxaoatfc 


Uaforaoatk  tfc*  koijr  of  tarkaloat  *pot»,  oo  ktrt  witaoaaof  tfco 
osiatoaoo  of  •  *oa*ifor*fcl7  fcigkor  foaaity  of  pookot*  tfcaa  foaaf  aafor  • 
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felly  tutalMt  kOMliir  layer.  Hi*  niilti  U  Mr*  fr*|wit 

IMtot^Mkit  UtMMtiM  sal  yresaaably  ki|k«r  vail  *iu  street  thaa 
torn*  aaier  a  tukslest  boaahary  layer  geaerateO  fees  the  ease  loeetiea  by 
a  trly. 


o  mg  m0ic0  op  nifftmoN  ooi  to  rat  iui  tniAi  tomuia  up&s 

i)  Poeket*  fees  la  tie  tae~4iaeasleaal  laslaar  Imlsiy  layer 

If  tie  tsrtal eat  wake  of  a  eftrealar  eyllaOer  lateraeeta  a  laalaar 
boaalary  layer,  tke  laalaar  layer  keeeaea  tarhaleat.  Tke  yreeeaa  kae  keea 
exaalaeO.  aa4  foaaf  to  ke  the  reaalt  of  iletarbeaoea  oaaae4  ky  vortex 
r lag/ like  e441et  okleh  later aeet  the  layer  aai  eaaae  pooka ts  to  fora.  The 
yoeketa  evolve  aa  feaerlke*  above  aai,  aa  a  eoaae«aeaee,  the  layer  booeaea 
tarbaleat.  this  yroeeaa  hoes  sot  iavolve  the  yreeeaee  of 
Tellalea-Pekllehtlag  vavee.  Oa  the  other  haa4.  booaaee  the  laalaar 
boaaOary  layer  la  too  Olaeaeioaal  It  skovs  aa  that  yoeketa  4o  aot  fora  aa 
a  reaalt  of  the  evolatloa  of  aoae  exlatlaf  etreaaolee  vortex  atraetare. 

D)  im  IRIICI  OP  TO0XKZ  MJM/ULL  DCntACTJOK* 

1)  Oaaet  of  ittoai  vlaooaa  foreea 

The  evolatloa  of  a  vortex  rlag  as  It  eoaes  late  ooataet  with  a  wall 


it  MMStiilly  |«T*(wi  kjr  Itrni  vtHni  («TNI.  Iiviitii  Cktory  krttki 
im  tuly  is  H«  mlMiMU  tbit  bi  tki  overt!  1  rtttlt  of  Aattakilitimg 


tit  fii|,  til  wutii|  t  kigkly  tvMnt  seat  is  itt  fltot.  lin  nil 
^t  tutor  it  ini,  tk«  (utfrUt  of  tkit  iateraetiea  tout  tit  tut# 
ekeraeterittiea  tt  tke  yoeketa  fnti  is  tke  vtll  tontoi  (loot  Aittmttoto 
tton. 

ii)  Beaeretioa  of  at*  futility  at  otll 

Ixyeriaeata  yerforuei  vitk  toi  rise  toriai  tovertoa  tkt  vtll  is  t 
«miet  aakieat  el early  akoni  tkat  aav  futility  oat  geaarateto  at  tkt  vail 
kr  tkt  laiialii  yvtatart  fieli  of  tkt  vurtas  riag  (tot  tfoatioa  1). 

iii)  Mattel  iattraatioa  of  rime  *•*  aevly  geaorateto  vortieity 

Vkilt  tkit  atv  vtll  layer  vortieity  it  kaiag  geaorateg.  tkt  riag  it 
atill  govoratf  aaaaatially  ky  iavieeif  fyataiot.  Tkat.  it  it  kaiag 
etreteketo  ta4  itt  vortieity  Mflifitto.  Ike  yortioa  of  tkt  riag  aloaaat  to 
tkt  vail  ttratakaa  tkt  seat.  By  iatoaatios  tkit  yortioa  of  tkt  riag 

retoiatrikatea  tkt  aavly  trtattO  vtll  layer  vortieity  vkitk  it  iaitially 
4ittrikate4  over  toko  vail  iato  a  41  terete  vortex.  Ha  etrtagtk  of  tkit 
vortex  it  leat  tkaa  tkat  of  tkt  asylifieg  riag  vortex*  vkitk  aaaaat  tkt 
vail  vortex*  vkito  it  of  oyyoaitt  tigs*  to  vray  troasg  tkt  riag  vortex. 

It  it  toariag  tkit  yroeeaa  Hat  vitooaa  4iffaaioa  taket  over  ami  tkt  riag 
vortieity  eta  ao  loagar  ke  eoaai4ere4  to  to  a  el o at 4  vortex  taka,  tkat 
rttoaiat  ayyeare  at  a  kairyia*  vitk  ltgt  aatkortto  iato  tkt  vail,  fortes 
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Itfitaiti  it  M  |M|*r  tat  It*  imUtoj  vail  lap**  nrtiilty 

*01*0  ta*  tarn  lot*  •  mtib  is  1*4—4  avtp  I—  thi  nil  Op 

tO*  Otlrylt  port lows  *f  «0*  f— r  via*. 

1*)  1**14  Oraatap 

tOertlp  aft**  tO*  p**tloa  of  to*  rla|  tO*t  m  f*rtO**t  (mb  tO*  wall 
1b4b—  tO*  w*rtl«itp  g***rat*4  at  tO*  vail  «p»*r4.  tO*  rU|  (laii  tan*** 
wi*l*atlp  ta»0*l*at.  10*  ll(t*4  vtll  (lvi4  laa*4iat*lp  f*ll*v*.  *a4  t 
n»lAl  gsoviap  tvrtal*at  pit—  r**alt*. 

4a  *aa*t*t*4  aowl*  ta*  ta*a  a*4*  4**U|  tO*  at  a  go*  of  aw*l«tftM 
4*  ***10*4  *0ov*.  9*l*o  (19N). 

v)  Ivolatloa*  vitO  fv**xl atlas  **11  Mgiaa  nrtliitjr 

Stall  ax  «—  *la*at*  v*m  y*if— 4  vltO  tO*  clap  aowlap  t*o*r4  * 

*ow las  talt  at  •  aaatac  of  * allow  «apl*a.  Ip  k**|la|  tO*  talt  at  a  ffta*4 
•p**4.  •  flw*a  *lMvl*tioa  I*  **ta01ia0*4  far  tO*  vortical  lap**. 

■*•«•*,  Op  *ta*tl*s  tO*  talt  at  41ff***at  tia*  latarval*  aft**  tO*  flag 
I*  f  1**4  v*  *o*14  wasp  tO*  1—1  at* —tO  *f  v**tl«itp  la  tO*  lap**, 
tap* rUwata  vitO  tO*  rlas  iat*c***tlat  tO*  vail  *a  v01*0  a  tOla  wort** 
*0**t  • slat *4  *0*v*4  *  wvtp  41ff*r*at  *w*lvtl*a  froa  tO***  la  v01«0 
14*atl«al  atm# tO  rlapa  appro* *0*4  ta*  vail  oa  vOita  ta*  lap**  0a4  taooaw 
taiatar  (  apala,  1a  tata  *****  ta*  *lr*alatl*a  *f  ta*  vail  1— c*  v*ro  ta* 
— •  ).  Ia  ta*  mm  of  ta*  tala  l4f**»  ta*  clap  414  aot  1*4—  ta*  vail 


» 
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lay**  (Itll  fa*  aff  U«  *all«  it  vaa  aaaa  at  tally  alawki  tat*  tfc*  vail 
lay***.  Mr  Cki  liffaa*!  lay**  A*  rU|  *v*lati*a  lavfeaf  **gy  alalia*  t* 
A«  *■*  4*m*1M  la  a  «at*t  alintj  t.a. ,  WA  A*  *lat  aai  vail  r*|lN 
flail  ka*M*  a  rayiHy  aatvarl  awiay  tar  balm*  aaaa. 

fia**  A*  aablaty**  la  a  t**b*l*st  baaaiary  lay**  *111  raalavly  vary 
la  rt**a|A  far  A*  ayya*a*Ala>  **rt*a  flaf/lika  *44i*a.  y* *41  at lag  A* 
*v*lvti*a  *f  A*  Ut**a*ti*a  ayyaara  t*  k*  iapialll*.  Mia  b*lya  t* 

•ay  2  at  a  A*  vi4a  variety  *f  *v*lati*aa*y  1*  tail  a  f*aat  far  A*  y**b*ta« 
aal  A*  la*a*  variaa**  la  A*  *anaU*  avaray*  atatiatl*a  *f  Ala 
*v*lati*a. 


> 


I 


I 
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41  • m  to  mmU|  piiyNiiMlw  Iimi  Amu 

Alt  A*  (MlMlMI  AwiM  |W*«  IN  MMMlallf  AwHlUllfl. 
Te  Auii  «waliuiit«  AwrUwiI— I  tlml  iaftmtti*.  n  aeewtto 
u  MMily  perpeaAleeler  luw  Amu.  Hi  IAmmUm  frea  WA  Amu 
m4  a  A|lul  tlMk  mn  fit  aa  a  ila|li  MfU  (nm  m(h  •pile  flat* 
pAatopaapAie  MAtlfMi.  Rm  mm  iamIbimi  aa  UIm1mu4  *wtt»r* 
fwul  im  UutMitiA  Imm  Amu  «m  mmuA  A  mmin  m«U  to 
i!m4  ii  41*  u  toll  Amu  U  Aula  a  pertf*** It*  tIm. 

Ill  toe  to  flMA  41  lilt « to  iAIaw  tilt  aeaiiat  to  liter  Ami 
lllaelaettee  at  (At  im*  Um 

Ito  MjMltj  to  mMam  lafMMllM  A1A  nliti  teat  let  a  to  A« 
aaaAto  iAIawi  *AltA  tote  Aeea  fleto  U  lea  latte*.  ttirrftu.  to  hart  a 
itraai  to  ala  to  aaafarlaaa  fat  aw  elaaal  iafaaMtlea  «a  aaaAto  to  set 
•Ala  ittAaltw  toll  a  at  tAe  mm  tim  aapleplat  lawr  aAaat  eleaelleetlea 
la  tAe  eteeatolM-aawi  flaw  to  wa  atot  eat  ftlac  aa  aAata  tAe  eall 
atoa  toe  taAlaper  me  44 at tele A.  Oar  aalatiaa  eat  to  eft 4 •• lip  filter  toe 
ft  tea  li|At  frea  tAe  fleto  Ulwlaatto  aaaAto  nklafer,  ato  pa**  atif  Ai 
•rata  laaaa  UfAt  la  lAa  tiAe  eftaa.  Ito  flea  la  tAe  eater  part  to  (Aa 
Aaatoery  Ito**  ***  alee  aaaAto  Ip  aafea  fata  a  tilt  fwtAea  apataaaa. 

HU  aiAa  Ato  to  to  to  laaw  lataatltp  aa  Ait  Altar  la  laatlea  totaaaa 
eall  ato  eater  raplaa  flalA  aaalA  to  aaAt.  VAaa  meet  la  eater  elA 


i 


» 


1 

MM  tf 


ll  tl  (Mtltlhf  fcll»»  Alt  IwMmN  NkMI  4*  Ml  MTl 

la  A«  Mil  NfiMb  w  far  A«i  as t tar  la  Aa  aacar  replae  (  Palaa 
iMia  1.  la  Aa  aall  ratlaa.  Aar  late  I  at  la  eta  areas  aaal  let  lava,  aai 
lata  lei  la  raaalia  Art  ilffarai  fraa  aaet  altar  If  ear  a  Am  aa  ariar  at 
ea«eite4a>  «a  taaa  aaai  alaailaaaeea  •  aiaa  flaa  at  aaal  laatlaa  aai  aw 
few  a  Ira  araaarirraa  awilaliy  prate  la  4»t*telat  atai  pattaraa  la  «ta 
aall  raplaa  ratal  l  la  Aa  tiA  taper  I  ia  aaraaa  at  Aa  aall.  Ttta  la 
aaaawlallf  Aa  aaaplaia  aai  at  lataaaaliaa  apalaai  atlat  ta  teat  aap 
•artalaaaa  iaiaailaa  itai.  it  ataaa  ta  «ee«  Aa  nAat  aliatp  aaai 
■at we  aallai  VISA  I  iapaa.  Laatar  aai  taplaa  l*tl  I.  feaaalta  AmiI  cta« 
VfXA  iaiaatai  aalp  a  wall  treat laa  at  Aa  twtalaaw  praiaailaa  areata, 
aai  Aap  fwAer  A aaai  Aa  apeelffte  atapa  la  Aa  aaai  at  laa  at  Aa  paatata 
Aai  ••  aaa  araattlaa  ta  I  Palaa  IMA  f.  A  are  aarraatlp  era! as cl as 
a  Aar  lAwri,  aai  lataai  ta  putw  aaa  at  aw  aaa  Aat  rat  leaf  a  Aa 
aajar  aapaatt  at  Aa  praaaaa. 
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PASS  26 

f)  aMUBUSti 

Hm  MktrtM*  nio«tit«4  viU  tka  prodaatioa  of  tarbalaaea  mr  a 
nil  la  imttf  tku  utl«lpitf4  ktftr*  tkia  iaraatigatioa  b«|ii.  It  la 

I 

altar  tkat  aua  aayoata  of  tka  ykyaiaa  eaa  ko  aoltllal  Vy  tka  aortas 
rlog/ooll  lot araat lorn,  kaamr.  it  ayyaara  tkat  aooookat  laaa  atriogaot 
ooaditiooa  ooo  ala#  iaitiata  aoo  yrolutloa.  Par  tk  amor  a.  tka  aaoa 

> 

pfcyaiaa  ayyoora  to  go* an  irokutloa  for  Bayaolia  aaobtrt  ap  to  tka  omaat 
of  tko  lot  of  tko  a  aka  (  okiak  a  i  goal  a  tka  oaaat  of  kigk  lay  BO  Ida  aaobar 
aayoototla  kokovlor  ).  leavaar .  fartkar  iovaatigatloa  ia  raqairad  to 
dataroiaa  okiak  4a  tall  a  of  tka  iotaraatiooa  ara  aaaaaaary  aad  wkiek  ara 
aaffialaot.  koforo  attaayta  at  logiaolly  Modify Lag  tka  freiwtioi  rata  oaa 
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As  Miwiil  ImMm  •  iMImUm  rwlUn  *11  m  U  part  fms  MU  mtL 

Mrttortt.  «.  I.  1MI  Bffaat  4  m»U  N  apa*  iH-tin  laaatwr 
iwfMM.  1.1.  AmIi.  Upartamt  af  VtBmlml  Mp*a— rUp,  BUBipm 
•tat*  Mtwitf.  But  laartap.  II. 

M— IBarit.  t.  I.  Mi  Ml**.  B.  L  tftl  1* ******  4  k*t-*lm  mmm*«t 
la  fl«a*  »l***li**4  Ip  a  wl-f**«  lalUtia  Jr.  flp.  Sm.  S*ri**  II. 
VI  as,  in S.  pp.  MS. 

VI**.  B.  B.  lfM*  Ct  »na«  artlm*  Is  M*  *ac*r  r*pl*a  *f  tarlalmt 
laaiiif  tpm.  flp.  Plafit.  VI.  M.  Vrt  IX,  pp.  BM4US. 

Vl«*.  8.  8.  IfftB  A  urtMMil  a*4*l  af  M*  tarlalmt  IraaStry  Uptt. 
V— — Stop*  4  M*  I4IB  Aaaaal  Bmtlap  4  Mi. 

VI**.  B.  B.  IffS  IB*  ral*  4  *at*t  fl«a  mBaraat  mU*m  la  tfc* 
pr*4a*tl*a  4  tarlal— —  a**r  •  sail.  OBirat  itr— tar*  4  14M*at 
Baaaiarf  L*p*r*.  *4.  hlU  aai  Wet. 

Mat**.  B.  B.  lift  Strata**!  **pa*ta  *ff  tarlal  *a>*  la  la— try  lap*r 
flm*.  la  UrtalMH  la  LifaABt.  *4.  Vtfrraa  aai  lUia.  VUmalty  4 
1*— arl  hwi. 

Malm.  L  B.  IMS*  O— li— 1  tlaaltaa** at  ttm  rtaaallaat«*s/t*t  «*tr* 

■am —t try  far  V*  at*#  4  tarlal mt  flam.  f.  rial 4*  kp  VI  14S. 
pp.  174-1 M. 

Maim.  B.  8.  INN  IBs  pra4atlm  af  tarlal  mm  mar  a  mil.  AIM  Vp*r 
V.  M-1SM. 

Malm.  B.  8.  INN  Vrlalmm  pr*4a*tlm  amr  a  maatft  mil  (AUtrmt). 
framrAiap  af  4«  ltd  la— I  Mi  Bratlap.  pp.  IS. 

Malm.  B.  8.  INN  fartm  rlap/aatl  iatmmtlam.  14  mb  ami*. 

Malm.  B.  8.  IMS  Aapadml*  aa4  a*4*l  af  sail  raplm  tarlal  m— 
Mr*—*.  Prm.  IMM/miB  mtftrttm  m  B*  itr*—*  *f  7—1  m—. 
Bmt  mi  Bn  Ttm4m.  BmlrgBars  firm*. 

Malm.  B.  B.  Aa  *pp*ri— tal  itap  af  B*pml4a  trrna  pr*4mlap  a*tlm* 
la  4U  mt*r  part  af  tarlalmt  lam  try  lapsr*.  Vrt  1  IB*  tap*.  mal*. 
•mltlm  mi  Btpmli*  mNm  4rp*a4mm.  —  ltt*4  t*  I.  flali  BmB. 
(aa4*r  rmUlml. 

Malm.  B.  B.  VI 1  raplm  trwtar*  af  tarlalmt  unVty  Uy*rt. 
Satait«*4  t*  I.  rial 4  BmB  I  aaitr  mliim  1. 

Malm,  B.  B.  0*  4*  latmaal  rtrmtar*.  f«mtim  aai  apraailap  «f 
tarlalmt  *p*t*.  la  praparatlm. 


I 


MU  St 


I 


I 


t 


I 


» 


» 


B.  I*  to  to*  n«t«iw  *f  •  mui  rU|  Ufiailai  m  i  ttll.  T» 
W  MtoitMi  u  Mgr.  Plaii*. 

B.  I.  Hi  I.  A.  INI  Hi  HtMhn  pfi—tlw  primi 

mm  Mila.  T*  to  fTNHUi  il  tk«  HU  HUM  wrfimii. 

fill*.  B.  B.  Hi  Lmll.  I.  A.  hyHlii  MHtor  itpiiiiHi  •€  Mliftr 
itmtvi.  to  fMfUtilH. 

•Wh.  B.  B.  Mi  Uvill.  1.  Am  Iki  mllai  if  nktifir  itilvkUMi 
iMMlnii  till  Bi  pnimlH  *f  twtolMM  hw  •  nil.  Is  pr^nilH. 

fill*.  B.  B.  Mi  Unit.  I.  A,  IB*  toitlii  pirlii  to  tvMrat 

toniuf  Uywi.  Is  immilH. 

ftlw,  B.  B. .  tl|Mr.  Bw  B.,  Mi  tons.  B.  B.  Am  *M*rta**tol  in#  mt 
to  BsfMlto  Him  jwinli  mUmi  to  i«  wir  yin  *f  twtolMt 
toMto«y  kpin.  tot  Hi  nlnlty,  Biynlii  Ikni  Mi  wttiity  ftolto. 
to  to  itoillii  to  J.  Pl*li  Ink. 

to««  A.  L.  I aaiir.  BftflM*  B.  B.  lffl  lyitlil  lUMtHi  to  to 

tiiHH  HU«N.  im  Plaii  BmB.  lu.  SB.  yy.  4M-S1S. 

12  to*  B.  1.  Mi  Mh.  L  B.  SMB  Bmu|  *ff  to*  AVBBB/MB  r***M*fc 
lyniiliN  »**!*>*>  m  **B**wt  *tmtH*  to  tvMNt  toni*«7  hgrm. 

ML  toyt  BB-I.  liyirH**!  «f  to*tMl**l  hylnwliy,  MB. 

tontt,  I.  A.  lffl  tto  fiM  ftolia  wymlMi  to  to*  intntlH  *f 
twtolMM  MM  to*  Mil  to  ttotolMt  to*M  riM*.  L  B.  1to*l*. 
toy  tto  mi  *f  BmBmImI  toylM aria*.  HHlyu  Btot*  Balwnltf.  tost 
Uuliy.  n. 

*Bft*a*v.  B.  B.  1MB  A  Mi#  *f  tot*w*il*to  *Ml*  Mtin*  to  to*  Mtir 
f*ylN  *f  twtolMt  toMtoiy  Uym.  B.  B.  toil*.  B*y*tto**l  mt 
BmImImI  BBjlMMtf.  totolfM  Btot*  Ihlmslty.  tost  Utsiiy.  MX. 

*tlyaW'  B.  B.  Mi  Mn.  B.  B.  IBM  Baywli*  MHtot  ***1  to*  «f  **B*r*at 
MtiM*  to  twtolMt  tiwiiry  Uyn*.  T*  to  pr***at*i  *t  to*  SSto  AMBfB 
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The  Structure  of  Turbulent  Boundary  Layers  at 
Low  Reynolds  Numbers. 

by  J.  Kurils*,  H.N.  Tsai  and  P.  Bradshaw 
Department  of  Aeronautics,  Imperial  College,  London,  SV7  2BY 


Conditionally-sampled  hot-wire  measurements  In  the  range 
700  <  Reg  <  5000  conf irm  the  general  flow  picture  advanced  by 
’  Falco  (1974,  1977:  see  also  Smith  and  Abbott  1978)  on  the  basis 

of  smoke  observations.  The  Intermlttency  factor  and  the 
turbulent  transport  parameters  (the  3rd -order  structural  parameters, 
deduced  from  trlplm- product  measurements)  are  Independent  of 
Reynolds  number:  this  suggests  that  the  basic  large-eddy  structure 
(Falco's  "large  motion")  Is  nearly  the  same  at  all  Reynolds  numbers. 
The  shear  correlation  coefficient  Is  also  nearly  Independent  of 
I  Reynolds  number,  but  this  Is  partly  a  coincidence  because  the  ratio 

of  u -component  to  v -component  mean-square  Intensity  changes  quite 
rapidly  at  Reynolds  numbers  R^<  2000.  The  probability  density 
function  of  turbulent-zone  length  varies  In  a  striking  fashion 
I  with  Reynolds  number,  qualitatively  supporting  Falco's  finding  that 

the  small  scale  undulations  In  the  viscous  superlayer  (which  he  calls 
"typical  eddies")  scale  on  the  viscous  length  parameter  rather  than 
on  boundary  layer  thickness.  The  average  turbulent  zone  length, 

I  deduced  as  an  Integral  moment  of  the  probability  distribution, 

tends  to  a  constant  fraction  of  the  boundary  layer  thickness  at 
high  Reynolds  number,  where  the  "typical  eddies"  become  small 
compared  to  the  size  of  the  classical  "large -eddies”  (Townsend 
9  1956).  However,  the  probability  density  function  as  a  whole  depends 

strongly  on  the  choice  of  the  minimum  length  of  Irrotatlonal 
"zone”  that  is  admitted  as  real,  Lmin,  say,  so  that  the  only 
general  method  of  presenting  zone-length  Information  Is  as 
’  probability  distributions  of  zone  length  L  conditional  upon  L^, 

wuw  In  the  usual  notation.  The  determination  of 
Intermlttency  from  velocity  or  temperature  fluctuations  Is 


discussed  In  detail  because  of  the  prevalence  of  erroneous  or 
misleading  results  In  the  literature.  The  law-of-the-wall 
relations,  specifically  the  constants  In  the  logarithmic  profile, 
seem  to  be  Independent  of  Reynolds  number  while,  as  originally 
deduced  by  Coles  (1962),  the  defect-law  profile  varies  with 
Reynolds  number. 


1.  Introduction 

The  usual  analysis  for  the  velocity  defect  In  a  turbulent 
boundary  layer  In  zero  pressue  gradient,  given,  for  instance, 
by  Townsend  (1956),  leads  to  the  expression 


u.-u 


where  uT  Is  the  friction  velocity  /(t^/p).  The  analysis  assumes 
that  the  apparent  effect  of  the  parameter  u yUg  *  /(cf/2),  or 
equivalently  dr^dx.  Is  negligible.  It  Is  possible  that  the 
effect  of  Cj  Is  responsible  for  the  slight  Reynolds-number 
dependence  of  equation  1  at  high  Reynolds  nuaber,  especially  in 
supersonic  flow,  discussed  by  Mabey  (1977).  However,  Coles 
(1962)  found  comparatively  large  changes  In  turbulent  boundary 
layers  In  zero  pressure  gradient  at  momentum-thickness  Reynolds 
nuabers  u#8/v  of  less  than  about  5000,  and  It  has  generally 
been  assumed  that  this  Is  a  direct  effect  of  Reynolds  number  itself 
rather  than  an  effect  of  cf;  that  Is,  It  Is  an  effect  of 
viscosity  on  the  turbulence  structure  outside  the  viscous  sublayer 
(the  defect  law  analysis  assumes  viscous  effects  to  be  confined 
to  the  sublayer  u^/v  <  30,  say:  see  figure  1).  .  Huffman  and 
Bradshaw  (1972)  showed  that  the  velocity-defect  profile  In  pipe 
flow  Is  apparently  Independent  of  Reynolds  number,  even  In  the 
low-Reynolds-number  range,  and  the  simplest  hypothesis  to 
explain  this  difference  between  boundary-layer  and  pipe  flow  Is 
to  suppose  that  the  Reynolds- number  effects  on  the  defect  law 
are  associated  with  the  "viscous  superlayer",  that  Is,  the  region 


